Background: Type 2 diabetes and pre-diabetes are an increasing pandemic globally and often remain undiagnosed long after onset in low-income settings. The objective of this study is to assess the determinants and prevalence of undiagnosed diabetes and pre-diabetes among adults in Bangladesh. Methods: In an exploratory study, we performed oral glucose tolerance test on 1243 adults ≥20 years of age from urban Mirpur, Dhaka (n = 518) and rural Matlab, Chandpur (n = 725) who had never been diagnosed with diabetes or pre-diabetes. We collected data on socioeconomic, demographic, past medical history, physical activity, and measured weight, height, waist and hip circumferences, and blood pressure. Risk factors associated with undiagnosed diabetes and pre-diabetes were examined using a multiple logistic regression model. Results: Overall prevalence of diabetes and pre-diabetes was 6.6 % (95 % CI 5.3, 8.1) and 16.6 % (14.5, 18.7) respectively, with both being significantly higher in urban than rural populations (diabetes 12.2 % vs 2.6 % respectively, p < 0.000; pre-diabetes 21.2 % vs 13.2 %, p < 0.001). After adjustment the variables, urban residence (OR 2. 
Background
Type 2 diabetes prevalence is reaching epidemic proportions in many countries across the world [1] . Global rise in type 2 diabetes (T2D) is projected to be disproportionately higher in low-income countries and will especially affect adults in their working ages [2] . Bangladesh is one of the top 10 high-burden diabetes countries worldwide with an estimated 8.4 million people with diabetes and another 7.8 million with pre-diabetes, an interim hyperglycaemic condition above normal but below the cut-off for diabetes [1] . It is projected that Bangladesh will experience the highest growth in diabetes population and will rank 5th in the world with 16.8 million adults with diabetes by 2030 [3] . A recent metanalysis of Bangladeshi literature reported an increasing trend in diabetes prevalence from 3.8 % in late 1990s to 9 % in 2006-2010 [4] . This is likely related to an increasing and shifting towards overnutrition from double burden of under-and overnutrition in Bangladesh [5] .
Both diabetes and pre-diabetes are established cardiovascular risk factors [6] . The diabetes-associated cardiovascular disease burden has been reported to be high in Asian populations [7] . A large proportion of people with diabetes and pre-diabetes remain undiagnosed for a long time, and are often diagnosed only when complications develop or during opportunistic screening while visiting health care facilities for other medical conditions [8] . A recent study among people with newly diagnosed type 2 diabetes in Bangladesh reported 84 % of patients had poor to average basic knowledge about the disease [9] . Complications due to hyperglycaemia may also develop during the pre-diabetes period [10, 11] . Although about 5 % of individuals with pre-diabetes advance into diabetes annually [12] , timely diagnosis of individuals with prediabetes followed by lifestyle intervention can potentially prevent this conversion up to −58 % [13] . Screening and treating pre-diabetes is shown to be cost effective, in particular when combined with multi-factorial approach including lifestyle interventions [14, 15] . However, the very low awareness of the rising epidemic of diabetes in Bangladesh remains a big challenge. A recent study in Bangladesh reported that only 41 % of diabetes patients were aware of their condition [16] .
With accelerating epidemiologic and demographic transitions combined with increasing and rapid urbanization and along with changes in lifestyle, diet, and physical activity in Bangladesh [17] , there is an urgent need for continuous monitoring of the diabetes burden using rigorous diagnostic methods and the study of risk factors to develop effective control strategies. This population-based exploratory study measures the determinants and prevalance of both undiagnosed diabtes and pre-diabetes in Bangladesh and identifies high-risk groups.
Methods
Between March and October 2009, we conducted this population-based cross-sectional exploratory study in urban Mirpur, Dhaka District and in rural Matlab in Chandpur District, Bangladesh. The study population consisted of males and non-pregnant females ≥ 20 years of age who had never been diagnosed with diabetes or advised of having a blood glucose abnormality by a medical practitioner. The Matlab participants (n = 1065) included all available, eligible and consenting individuals from the population database of three villages selected from the Health Demographic Surveillance System (HDSS) of International Centre for Diarrhoeal Diseases Reseaerch, Bangladesh (icddr,b) at Matlab. The population database has been maintained by icddr,b since 1963 [18] . The urban Mirpur, Dhaka participants were selected from middle class settlement at Mirpur, Dhaka where another population database maintained by Eminence, a national Non-Government Organization (NGO).. All available, eligible and consenting individuals (n = 828) were invited to participate in the study. In both study areas, we conducted a door to door visit to confirm the availability of the selected participants and invited for a clinic visit for an interview, physical measurements and oral glucose tolerance test (OGTT). Individuals with known diabetes, or those unwilling or unable to participate, or unable to provide informed consent were excluded. An informed written consent was obtained from each participant before enrollment. The study was approved by the Ethical Review Committee (ERC) of International Centre for Diarrhoeal Diseases Research, Bangladesh (icddr,b). Fig. 1 presents a participation flow diagram.
We collected individual-level data on household socioeconomic status, demographics, family history, medical history, and lifestyle related variables using a pre-coded structured questionnaire administered by trained interviewers. We collected dietary data, with particular emphasis on fruit and vegetable consumption, using a food frequency questionnaire. All questionnaires were pretested before actual data collection and modified questions for clearity reasons based on the feedback from the field research staff. We also collected physical activity data through questionnaire and summarized average daily and weekly activity patterns with major categories whether the participant performed 150 min or longer moderate to heavy physical activity during the last 1 week. We measured weight, height, waist circumference (WC) and hip circumference (HC)s, and blood pressure (BP). Weight was measured to the nearest 100 g using Tanita (Model No. HD 318) digital weighing scale and height was measured to the nearest 0.1 cm using a locally constructed height stick. World Health Organization (WHO) definitions of threshold values were used for classifying BMI, waist circumference, and waist-hip ratio. BP was measured using Omron M10 automatic digital sphygmomenometer. We allowed 10 min rest before measuring BP and measured the BP three times at 5 minutes interval on the left arm in a sitting position with the arm supported at the level of the heart. The first BP measurement was discarded and mean value of the last two measurements was considered as the participant's BP.
Oral Glucose Tolerance Testing (OGTT)
We invited selected and consented participants to visit to the field clinic for interview, OGTT, and physical measurements. The participants were advised to adhere to their usual diet, avoid vigorous physical activity for at least 48 h prior to the scheduled clinic visit, and attend the clinic in the morning after an overnight fasting for 10-12 h. Using finger prick blood in a HemoCue™ 201 glucometer (HemoCue™ Sweden) we measured fasting capillary blood glucose concentration followed 2 hours later by drinking 75 g anhydrous glucose disolved in 200 ml water. HemoCue™ 201 glucometer (HemoCue™ Sweden) is a validated instrument against laboratory value of plasma glucose [19] which provides a digital display equivalent to plasma glucose concentration.
Outcome definitions
Diabetes was defined as fasting blood glucose concentration ≥7.0 mmol/L, or ≥11.1 mmol/L at 2 hours after oral glucose challenge [20] . Individuals were considered having pre-diabetes if they had Impaired Fasting Glucose (IFG), indicated by a fasting blood glucose concentration between 5.6 mmol/L and 6.9 mmol/L, or Impaired Glucose Tolerance (IGT), indicated by a blood glucose concentration between 7.8 mmol/L and 11.0 mmol/L at 2 hours after oral glucose challenge [20] .
Data analysis
Senior research assistants scrutinized all completed questionnaires during the clinic visits for errors. Data were then entered in a computer using Microsoft Access with built in range and consistency checks. Distributions and type of distribution of all continuous variables including normality of distribution were examined to identify the outliers and extreme values. Data were summarized and presented as mean and standard deviation for the continuous variables and as frequency and percentages for the categorical variables. Linear relationship between independent vaiables was examined by correlation analysis. Student's t-test was used to compare the means of continuous variables, z-test was used for comparing the proportions, and chi-square test was used for the discrete data. Initial association between risk factors and outcome (diabetes/pre-diabetes) was examined controling for age and sex only followed by a multiple logistic regression model to identify determinants of diabetes and prediabetes .. In the multivariate analysis, Body Mass Index (BMI), waist circumference, and waist hip ratio, were entered separately into the models to avoid possible multicolinearity of these highly correlated variables. Associated risk for each of the determinants was expressed as an odds ratio (OR) with a 95 % confidence interval. A p-value <0.05 was considered statistically significant. Table 1 presents the characteristics of study participants. In Mirpur Dhaka, out of available 828 adults invited, 536 participated. A total of 11 with known diabetes and five others who admitted their diabetes status after testing were excluded. Two additional participants discontinued after attending the clinic. Completed questionnaires were available for 518 participants with an overall response rate of 62 %. In Matlab, of 1065 individuals invited, 828 attended the clinic of whom 77 were excluded (16 known diabetes, four admitted their diabetes status after the blood test and 57 were not available during blood sugar testing). Eventually, complete data were available for 725 individuals constituting a response rate of 68 %.
Results
The mean (SD) age of the participants was 41. Significant association with sex of the respondents at <0.05 level had isolated impaired fasting glucose (IFG). In the preliminary analysis (age and sex adjusted only), urban residence, higher education, higher household income, and overweight, abdominal obesity, high waist hip ratio,were associated with higher probability of both undiagnosed diabetes and pre-diabetes. Underweight and higher physical activity were associated with lower odds for diabetes and prediabetes. High vegetable consumption was significantly associated with lower odds for prediabetes ( Table 2) . The regression findings showed that, age (>40 y), urban residence, overweight (BMI ≥25 kg/m 2 ), abdominal obesity and high WHR were significantly associated with higher probability of having undiagnosed diabetes (Table 3 ). Compared to the 20-39 year age group, those in the 40-59 years and 60 years or older age groups had nearly three and eight times the risk of un-diagnosed diabetes, respectively. Urban residence was associated with nearly 2.5 fold increased risk of diabetes. Overweight, abdominal obesity and high waist to hip ratio were associated with 2.2, 3.3 and 55.5 fold greater risk of undiagnosed diabetes, respectively. On the otherhand age group 40-59, female gender, secondary education, abdominal obesity and high WHR were significantly associated with increased probability of pre-diabetes (Table 4) . Diabetes prevalence was nearly six times higher among overweight participants with abdominal obesity compared to normal weight non-abdominally obese idividuals (Fig. 2a) . However, non-overweight individuals with abdominal obesity had three times higher prevalence of diabetes than those without abdominal obesity. Presence of abodominal obesity was also associated with higher prevalence of pre-diabetes in both normal and overweight individuals (Fig. 2b) .
Discussion
We measured the determinants and the hidden burden of undiagnosed diabetes and pre-diabetes in urban and rural settings using rigorous diagnostic procedures and identified high risk groups. Our study shows that the age 40 years or older and those with abdominal obesity or overweight has the highest probability of undiagnosed diabetes. In a resource-poor setting like Bangladesh the cost for total population screening would be prohibitively high however, targeting high-risk groups defined by a combination of age (≥40 years abdominal obesity, or overweight can be a first step in diabetes screening and prevention in Bangladeshi population. Several previous studies in Bangladesh reported prevalence of diabetes between 2.1 %-2.3 % in rural [21, 22] , 4.1 % in suburban [23] and around 8.3 % in urban populations [21, 24, 25] . A recent meta-analysis of studies on diabetes in Bangladesh reported an increasing trend of diabetes prevalence since the mid-1990s [4] . The prevalece of diabetes we observed in the rural population is consistent with previous studies, but we found a much higher prevalence of diabetes in urban populations than previously reported with the exception of a recent study in urban Dhaka which reported 35 % study subjects with diabetes [26] . This exceptionally high prevalence might be explained by the older age, high proportion of overweight and obese participants and also accounting for both undiagnosed and already known diabetes cases included in that study. The higher prevalence of diabetes in urban participants in this study is likely attributable to higher prevalence of overweight and abdominal obesity and lower physicaly activity among urban participants.
A number of studies in Bangladesh also reported prevalence of pre-diabetes, either based on fasting blood glucose [16, [27] [28] [29] [30] or using OGTT criteria [21, 23, 31, 32] although studies using only fasting blood glucose fail to capture all individuals with prediabetes . We also observed higher prevalence of pre-diabetes, particularly among urban participants, than rural. Altogether one third of urban and 16 % of rural population have dysglycaemia suggesting a disproportionately higher burden in urban populations. The prevalence of prediabetes is generally much higher than diabetes in Bangladesh. Recent report from a national survey based on fasting blood glucose criterion showed that nearly 22 % of adult Bangladeshi have prediabetes [27] . Our data and other evidence suggest that prediabetes is a huge unrecognized problem but offers an urgent opportunity for preventive interventions. Evidence shows that lifestyle modifications can prevent 30 to 67 % of diabetes among individuals with prediabetes through lifestyle modification in different settings [13, [33] [34] [35] . Without change there is a projected doubling of diabetes population in Bangladesh up to 16.8 million by 2030 [3] . However, this high burden of disease may be slowed down or prevented if effective interventions for pre-diabetes are undertaken. Low awareness in terms of diabetes status and control among individuals with diabetes is a global phenomenon and a major barrier to effective glycaemic control. The high prevalence of undiagnosed diabetes observed in this study indicates poor awareness among individuals with diabetes in Bangladesh. The recent Bangladesh National NCD Risk Factor Survey data showed that only 2.2 % of adults reported having diabetics [17] , which indicates a very low level of awareness about diabetes in this population. Another more recent publication reported that only 41 % of individuals with diabetes were aware of their condition [16] . A similar high level of unawareness has also been reported from mainland China and Hong Kong where two-thirds and one-half of individuals with diabetes are unaware, respectively [36] . Low awareness about diabetes has also been reported among Black and Hispanic populations in the United Stated [37] .
We found nearly a five-fold difference in undiagnosed diabetes between urban and rural settings. The urban participants had higher overweight and obesity scores, higher prevalence of abdominal obesity, lower physical activity, and lower consumption of vegetables, all of which are established risk factors for diabetes. Lower prevalence of these risk factors in the rural cohort may indicate protective lifestyle for diabetes and other chronic non-communicable diseases. The lower BMI, lower abdominal obesity, and higher physical activity of rural population, make them less likely to have insulin resistance [38] and therefore less likely to undergo a rapid transition from pre-diabetes to diabetes. Undiagnosed pre-diabetes is 1.6 times higher in the urban than rural participants. Higher prevalence and an increasing trend in diabetes prevalence in urban population have been reported in India recently [39] .
In this study, as can be expected, age is confirmed as a significant predictor of undiagnosed diabetes. However, this association was increasingly stronger for the older age groups. The American Diabetes Association (ADA) suggests screening for diabetes and prediabetes in asymptomatic people in adults of any age who are overweight or obese (BMI ≥25 kg/m2) and who have one or more additional risk factors for diabetes, such as physical inactivity, first degree relatives with diabetes, high-risk race, hypertension, hyperlipidaemia among others [40] . However, most of the suggested risk factors data may not be routinely available in low-income and developing countries like Bangladesh.
Diabetes is one of the most important cardiovascular disease risk factors, and will be increasingly important as global urbanization continues [1] . Diabetes is also a major modifier/predictor of other CVD risk factors. Diabetes and pre-diabetes have implications for the treatment of hypertension when they coexist [41, 42] . Often more that half of diabetes patients have hypertension [43] . As the diabetes population in Bangladesh rapidly increases in the coming decades [3] , it will be accompanied by an increased burden of cardiovascular disease unless improved prevention, case detection and treatment are implemented now. Adiposity indicators such as BMI, WC, and WHR are well known risk factors for diabetes . A meta-analysis of published literature also showed an 88 % increase in the relative risk of diabetes associated with each one standard deviation increase in BMI, WC or WHR [44] . The burden of obesity is still considered to be low in Bangladesh but our data suggest it is a significant problem in urban middle-class people where overweight and abdominal obesity exceed 58 and 62 % respectively [26] A recent report from Bangladesh showed a sharp rise in the proportion of overweight and obesity in adults increased from 3.66 to 16.94 % between 1992 and 2011 [45] . Our findings showed that both overweight and abdominal obesity are associated with higher risk of diabetes and prediabetes and those who had both overweight and abdominal obesity had the greatest risks. In general the South-Asian populations are known to have some special characteristics such as higher fat mass for any given BMI as compared to Caucasians and abdominal obesity is prevalent among many people without BMI based obesity [46] . This is the first study to our knowledge which looked at the independent and combined effect of overweight with abdominal obesity as strong recommendation for population based screening in Bangladeshi population.
Unhealthy diet and physical inactivity are major determinants of most chronic diseases including diabetes (Ref.). Among dietary risk factors, drinking sweet sugary beverages increases the risk [47] while dietary fibre, fruits and vegetable consumption are associated with reduced risk [48] . Major dietary guidelines emphasize eating 4-5 or more servings of fruits or vegetables daily as part of a healthy diet [49] . The recent Bangladesh NCD Risk Factor Survey report concluded that over 98 % of the adult population in Bangladesh had inadequate consumption of fruits and vegetables [17] . The current study also found a negative association between fruit and vegetable consumption and diabetes and pre-diabetes. We also observed a negative association bwteen physical activity of moderate or high intensity (for more than 150 min per week) and undiagnosed diabetes and pre-diabetes. We found urban residents less active than their rural counterparts, which may explain the higher prevalence of diabetes and pre-diabetes among urban population. Apart from different lifestyle adaptations, inadequate open space and the increased use of motorized transportation are also among the major barriers to physical activity in the urban Bangladesh.
Although this study has some strengths, it is worthwhile to mention some limitations of the study as well. The major strength of this study is that it used OGTT instead of single measure of fasting glucose concentration which captured diabetes and prediabetes including both IFG and IGT in rural and urban settings. Screening based on single fasting blood glucose criteria suffer lower sensitivity in detecting diabetes as well as prediabetes in all individuals [50] . In this study female participants were over-represented (over 2/3rd) but a lower participation of males was mainly due to their work schedule over the day. The study was conducted in one urban and one rural locations and all the available, eligible consenting participants were included in the study therefore it can not be claimed as a nationally reporesentative study and the results may need careful interpretation However, the characteristics of the study participants are comparable with other similar studies in Bangladesh (ref.). We used finger prick blood and HemoCue ™ method instead of venous blood and laboratory determination of plasma glucose concentration. However, HemoCue provided a validated plasma equivalent reading from finger prick blood.
Conclusion
The burden of undiagnosed diabetes and pre-diabetes is enormously high in Bangladesh, especially in the urban population, and is related to overweight and abdominal obesity. Aggressive screening would be desirable to identify the hidden levels of diabetes and pre-diabetes, but that might not be feasible in Bangladesh considering the socioeconomic conditions. However, preventive interventions should receive the highest priority to halt the diabetes epidemic and avoid prohibitive treatment costs of diabetes. Our findings suggest population-based screening of people aged 40 years and older with measurement of weight and abdominal obesity has the potential to yield high detection of dysglycaemic conditions and prevent premature onset of diabetes and diabetes-related complications. Further investigation is needed to understand the disproportionately higher burden of diabetes in the urban middle-class population of Bangladesh.
